Objective : We compared the effect of decompressive craniectomy between patients < 65 and ≥ 65 years age and investigated prognostics factors that may help predict favorable outcome in acute stroke patients undergoing decompressive surgery. Materials and Methods : 52 patients diagnosed with acute middle cerebral artery (MCA) territory infarction that underwent decompressive craniectomy were retrospectively reviewed. The outcome of all patients were evaluated by assessing the Glasgow coma scale, Glasgow outcome scale (GOS), and Modified Rankin scale (mRS) six months after the onset of the disease. 21 patients were preoperatively evaluated with a computed tomography angiography (CTA). Leptomeningeal collateral (LMC) circulation was graded using CTA by experienced neurosurgeons to assess its prognostic value.
INTRODUCTION
Malignant cerebral infarction involving the middle cerebral artery (MCA) describes a condition in which severe progressive cerebral edema following the occlusion of the MCA leads to acute neurological deterioration. Such space occupying edema has been associated with a mortality rate as high as 80%. 5) Decompressive craniectomy is a procedure performed in acute ischemic stroke patients in efforts to resolve fatal progressive edema and brain herniation. Studies have shown that an early craniectomy is associated with lower mortality and better functional recovery. 14) Age, involvement of multiple vascular territories, and the presence of signs of herniation have also been considered as possible prognostic factors in acute ischemic stroke patients that underwent decompressive craniectomy. The status of leptomeningeal collateral (LMC) circulation has also been reported to be an independent predictor in the clinical outcome of acute ischemic stroke. 10) Therefore, younger patients (≤ 60 years) that received surgical treatment within 24
hours have so far been associated with a more favorable outcome. 
MATERIALS AND METHODS

Patient selection
From January 2008 to December 2014 a total of 52 patients underwent decompressive craniectomy. The patients were retrospectively reviewed using our institute's electronic medical records database. Of the 52 patients included in the study, 32 patients were below the age of 65 and 20 were of age 65 and older.
The surgical inclusion criteria were : (i) infarction involving > 50% of the MCA territory measured in computed tomography (CT) scan and/or magnetic resonance imaging (MRI), with an acute onset of symptoms corresponding to the ischemic lesion; (ii) development of neurologic deficits such as progressive motor weakness, pupil abnormalities, and deterioration of consciousness.
Operative method
All patients included in the study underwent a large ipsilateral craniectomy and augmentative duraplasty.
The craniectomy was performed in efforts to obtain a bone flap greater than 14 cm (anteroposterior diameter) × 10 cm (superoinferior diameter) to provide sufficient decompression. The dura was opened in a stellate fashion for decompression and the duraplasty was performed with a collagen based artificial dura of bovine origin (Lyoplant ® , Aesculap, PA, USA). We chose to perform large craniectomies based on previous studies that suggest bone flaps larger than 14 cm may be associated with better outcome.
3)15)
Image review
Out of the 52 patients, 21 patients were preoperatively evaluated with a computed tomography angiography (CTA) within 4 hours of the onset of stroke symptoms. LMCs were evaluated and graded independently by a staff neurosurgeon and a neurosurgical fellow using a collateral supply score (CS) between 0-3 ( Fig. 1) . A score of zero indicated that there was no collateral supply to the occluded MCA territory.
A score of 1 indicated collateral supply filling greater 0% but less than 50% of the occluded MCA territory.
A score of 2 indicated collateral supply filling greater than 50% less than 100% of the occluded MCA territory. A score of 3 was assigned to 100% collateral supply to the occluded MCA territory. Patients with a collateral score ≥ 2 were considered to have good collateral circulation.
Patient evaluation
The clinical status of all patients were recorded at admission and preoperatively using the Glasgow coma scale (GCS). National Institutes of Health Stroke come of all patients were evaluated by assessing the GCS, Glasgow outcome scale (GOS), and Modified
Rankin scale (mRS) six months after the onset of the disease. mRS score between zero to four was considered favorable.
Statistical analysis
All statistical data were analyzed using SPSS Version 
RESULTS
Patient characteristics and baseline data ( The average preoperative midline shifting was 10.6 ± 4.1 mm, and nine patients showed preoperative brain stem compression in the preoperative brain CT. Out of the 22 patients that were preoperatively evaluated with a CTA, nine patients displayed collateral supply score ≥ 2.
Overall survival rates and functional outcome
The thirty day mortality of all patients that underwent decompressive craniectomy was 38.4% (18 patients), and the one year mortality was 40.3% (20 patients). The mean GCS of the survivors at six months was 11.9 ± 2.6. The mean six month mRS and GOS of the survivors were 3.61 ± 0.9 and 3.03 ± 0.51, respectively.
The thirty day mortality of patients that underwent early decompression (within 24 hours) was 22.2% (2 out of 9 patients), and the mortality of those that underwent surgery after 24 hours was 40.4% (17 out of 42 patients). The mean six month mRS and GOS of the survivors that underwent decompressive craniec- This is comparable to the mortality of the younger group which was 20.0% (1 out of 5 patients) for early surgery and 40.7% (11 out of 27) for delayed surgery.
Analysis of prognostic factors
A total of 27 patients showed favorable outcome (mRS ≤ 4). Factors associated with poor outcome (mRS ≥ 5) were evidence of preoperative stem compression (p = 0.007) and poor collateral supply score (p = 0.007), as shown in Table 2 . Unlike previous reports, shorter ICU stay time (p = 0.040) was also associated with poor outcome. Older age, longer time to operation (> 24 hrs), and involvement of multiple vascular territories were not significantly associated with poor outcome. Univariate linear regression analysis supported that patients with preoperative stem compression and a low collateral score were at higher risk for poor prognosis than those who did not ( Table 3 ).
The multivariate analysis showed that patients with shorter ICU stay were at risk for poor prognosis.
Unfortunately, due to the small number of patients that received preoperative CTA, collateral circulation score could not be included in the multivariate analysis.
Comparative analysis of patients by age
Comparative analysis of patients younger than the age of 65 and those of age 65 and older was per- (Table 4 ). There were no significant differences in the mean preoperative GCS and NIHSS, time Many studies have also been carried out to determine the possible prognostic factors associated with favorable outcome of decompressive craniectomy in acute MCA infarction. The current consensus of these studies seems to be that younger patients (< 60) with better initial GCS that undergo surgery within 24 hours of ictus before clinical presentation of cerebral herniation show a significantly more favorable outcome.
2)7)9)
Ischemic stroke, however, is a disease that is directly related to age, and the prevalence of ischemic stroke has been reported to nearly double in patients over the age of 65 among all ethnicities. 8) As more were conservatively managed, concluded that both survival and functional outcome was significantly improved in the decompressive craniectomy group. 6) In the current series, many of the findings coincided with previous studies, yet we also noticed some striking disparities.
The overall one year mortality turned out to be 40.3% which is comparable to the previous reports ranging from 8-50%.
1) The mortality of those that underwent decompressive craniectomy within 24 hours was much lower (22.2% vs. 40.4%) than those that received delayed surgery, which also coincides with previous studies.
13 ) The functional outcome represented by the mean six month mRS and GOS, however, was not significantly improved in the early decompressive craniectomy group. Upon closer inspection, the distribution of functional outcome, as seen in Fig. 2 , is quite different between the two groups. The early decompressive craniectomy group showed a greater percentage of patients in the favor- In a novel attempt to include collateral circulation as a possible prognostic factor in decompressive craniectomy patients, we found that patients with collateral supply score ≥ 2 had significantly better functional outcome than those with low scores. A good collateral status has been associated with reduced infarction size, higher recanalization rates, and major reperfusion.
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We believe that decompressive craniectomy not only allows for better preservation of collateral vessels, but also provides a better chance for recanalization in those that have a good collateral supply. From our experience of performing decompressive craniectomy in stroke patients, it was also evident that craniectomies performed before the progression of edema and midline shifting allowed the surgeon to better preserve cortical structure and perform duraplasty with more ease. Therefore, early craniectomy should strongly be considered before the progression of cerebral edema leading to the obliteration of the collateral vessels.
One of the odd findings of this study was that shorter ICU stay time was associated with poor outcome.
We believe that this data needs to understood by taking into account that the poor prognosis group includes the patients that passed away (mRS = 6). Many of these patients in our series died within one week With the support of many published studies, we hope to produce better data by more actively providing indicated patient with the opportunity to receive early surgery in the future. CTA was carried out in less than half of the population included in the study and therefore could not be included for multivariate analysis.
Additional data is currently being collected and analyzed to make a strong correlation. We also believe that a follow up CTA would have been helpful in supporting our idea that decompressive craniectomy can help in preserving collateral circulation and providing a better opportunity for recanalization. Additionally, selection bias may have been introduced as a result of family-member involvement in the decision-making of treatments.
CONCLUSION
The current study shows that early decompressive craniectomy improves overall survival among all age groups. In terms of functional outcome, more patients in the < 65 age group were able to achieve an independent functional status. Our study also shows that the evaluation of collateral circulation can be a helpful tool in predicting clinical outcome in acute ischemic stroke patients undergoing decompressive craniectomy. Therefore, we believe that early decompressive craniectomy is a modality of treatment that should be recommended among all ages of patients diagnosed with acute MCA infarction.
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